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Plant functional strategies of 13 co-occurring grass species explain their productivity and their abundance in productive grasslands
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How plant functional strategies are translated into species abundance in a community is a key question for the estimation of ecosystem functioning along environmental gradients. We address this question using 13 widespread grass species co-occurring in semi-natural mesic grasslands of central France. Plant functional strategies were identified using a principal component analysis (PCA) on 28 plant traits measured for this species pool. We found that the main strategy that explains species productivity in monoculture was linked to a plant stature PCA axis. However, applied to six-species mixtures, the plant stature axis alone did not explain species abundances in these communities. Two additional functional axes were needed, particularly for grass mixtures under strong N limitation and high cutting frequency.

Introduction

One way to identify plant functional strategies is to establish major axes of plant specialization in life history and resources acquisition. Plant functional traits have been proposed as useful tools to achieve this goal, as they may reflect species adaptation to the local environment. Moreover, trade-offs among traits are likely to translate into differences in species performance/abundance. Despite some recent theoretical progress [START_REF] Suding | Scaling environmental change through the community-level: a trait-based response-and-effect framework for plants[END_REF], there are few empirical studies which have investigated how trades-offs translate into species abundance and species response to environmental factors. Here, we investigated i) the trades-offs among 28 PFTs, which may explain species performance (biomass production in monoculture and abundance in mixture) of 13 co-occurring grasses from managed grasslands; ii) and how these trades-offs translate into response to environmental (here land use) change.

Materials and Methods

In a two year experiment (2003)(2004), 28 vegetative root and shoot PFTs of 13 species (cf. species and traits list in Fig. 1), reflecting the morphology, phenology, physiology, and chemical composition of 13 co-occurring grass species, were measured in field monocultures under low disturbance and low N stress levels (the C -N + treatment, 3 cuts yr -1 , 360 kgN ha -1 yr -1 ) (see methods in [START_REF] Pontes | Leaf traits affect the above-ground productivity and quality of pasture grasses[END_REF]. Three different mixtures of six species were randomly established: 1) Dg, Fa, Fr, Lp, Pp, Cynosurus cristatus (Cc); 2) Ap, Ao, Ae, Er, Hl, Tf; 3) Ae, Dg, Er, Fa, Fr, Hl. Productivity in monoculture and species abundance in mixtures were measured under four management conditions (crossing between 3 & 6 cuts yr -1 and 120 & 360 kgN ha -1 yr -1 ), one of them being the treatment where plant traits were measured. The experimental design comprised 192 plots arranged in a complete randomized block design with three replicates. PCA was done using the 28 PFTs of the 13 grass species. The PCA was rotated to match the first axis with the vegetative plant height, which had the strongest component weight in the unrotated PCA. The scores of each species on the first four PCA axes were used in separate multiple regressions to explain the monoculture productivities and species abundance in six-species mixtures, subjected to four management conditions. 

Results and Discussion

The four first axes of the PCA (Fig. 1) accounted for 76% of the variance. These four axes corresponded to well-known functional specialization axes: i) the first axis accounted for 30% of the total variance and opposed vegetative plant height (VE) and specific root area (SRA). It was interpreted as a plant stature axis [START_REF] Ackerly | Functional strategies of chaparral shrubs in relation to seasonal water deficit and disturbance[END_REF]; ii) the second axis (18%), opposed the earliness of plant growth onset (EG) to leaf lifespan (LLS), reflecting the trade-off between plant growth precocity and longevity during the vegetation period [START_REF] Aerts | The mineral nutrition of wild plants revisited: A re-evaluation of processes and patterns[END_REF]; iii) the third axis (16%), opposed the root uptake capacity for NO 3 -vs NH 4 + , reflecting the trade-off between the investments in root NO 3 -/NH 4 + transporters (Maire et al. 2009); iv) the fourth PCA axis (11%), opposed the leaf N content (LNC) and the shoot N productivity (NP), and was interpreted as the N acquisition/conservation trade-off [START_REF] Aerts | The mineral nutrition of wild plants revisited: A re-evaluation of processes and patterns[END_REF].

In multiple regression analyses, the four PCA axes together explained significantly both species productivity in monoculture (R 2 = 0.80; P < 0.001) and species abundance in three different six-grass mixtures (R 2 = 0.66; P < 0.001) (Table 1). However, the variance explained by each axis was strongly dependent on the species richness (i.e., monoculture or mixture) and on the management condition. Although species' productivity in monoculture was well explained by the first PCA axis (84% of the total variance) whatever the treatment, species' abundance in mixtures was significantly (P < 0.001) dependent on the first, third and fourth axes (40%, 41 % and 19% of the total variance, respectively). In addition for monoculture, the axes 2 and 3 significantly contributed to the explained variance in regressions (between 11% in C -N + and 21% in C + N + treatments, together), although the PCA axis 4 was never significant. For mixtures, the weight of axis 1 to explain the total variance in species abundance was strongly decreased, except for the C -N + treatment. On the contrary, the weights of axes 3 (up to 57%) and 4 (up to 26%) were strongly increased. Interestingly, this shift of functional strategy was particularly strong for treatments with N limitation (N -).

Table 1. Multiple regression analyses between species coordinates on the first four PCA components of the 13 grass species monocultures and: i) their productivity in monocultures; ii) their abundances in three mixtures including different six species combinations. These analyses were conducted for the four management treatments (crossing between 3 & 6 cuts yr - 1 and 120 & 360 kgN ha -1 yr -1 ), which were applied to cultures. Coefficient value, 0-100% rescaled value of explained variance and significance of each independent variable (PCA axes) are given, as well as error term (ε) and determination coefficient (R 2 ) for full regression. 

Conclusion

This study highlights a direct way of explaining species productivity in monocultures and species abundance in grass mixtures, from four fundamental plant trades-offs. Further, we also highlight the particular NO 3 -/NH 4 + trade-off which was never taking into account in the literature despite its significant role for both, productivity in monoculture and species abundance in mixtures in our system. Finally, the complementarity between different tradesoffs showed here, opens new perspectives to estimate the abundance patterns of natural communities and their change in response to environmental changes. Other traits, such as reproductive traits, other-than-N-nutrients traits or traits related to grazing could be helpful to explore further the drivers of species association in semi natural grasslands.

Figure 1 .

 1 Figure1. The first four axes (A axes 1 and 2; B axes 3 and 4) in a PCA of a trait-species matrix including 13 co-occurring grass species and 28 plant traits. On each figure, only traits with a component weight higher than 0.2 were represented. Species: Alopecurus pratensis (Ap), Anthoxanthum odoratum (Ao), Arrhenatherum elatius (Ae), Dactylis glomerata (Dg), Elytrigia repens (Er), Festuca arundinacea (Fa), Festuca rubra (Fr), Holcus lanatus (Hl), Lolium perenne (Lp), Phleum pratense (Php), Poa pratensis (Pp), Poa trivialis (Pt) and Trisetum flavescens (Tf). Abbreviation of traits: Earliness of growth (EG), root diameter (DIAM), root maximal uptake capacities for NH 4 + (ImaxNH4), for NO 3 -(ImaxNO3) and for both ions (ITOTM), leaf lamina area (LA), leaf dry matter content (LDMC), leaf length (LL), leaf lifespan (LLS), leaf lamina N content (LNC), leaf N use efficiency (LNUE), leaf lamina water (LW), mean N residence time (MRTN), numbers of growing (NG), and mature (NM) leaves, shoot N productivity (NP), phyllochron (PH), root area per soil volume (RA), root dry matter content (RDMC), leaf N resorption rate (RE), root mass per soil volume (RM), root N content (RNC), ratio between SL and LL (SL/LL), sheath length (SL), specific leaf area (SLA), specific root area (SRA), tiller density (TD), vegetative plant height (VE).
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